transmitted the mutant allele through the germline to In this study, we have continued our molecular charactheir offspring as judged by Southern blot analysis of terization of KARs in the hippocampus by generating mouse genomic tail DNA ( Figures 1D and 1E 
, 1999). This result indicates that disruption of the GluR5 gene does not result in from GluR5
Ϫ/Ϫ ϫ GluR6 Ϫ/Ϫ mice (n ϭ 4) in presence of GYKI 53655 ( Figure 2C ). We conclude that both GluR5 the complete loss of KARs in CA1 interneurons. In situ hybridization experiments revealed that this was not and GluR6 subunits contribute to CA1 interneuron KARs, and that ablation of these two receptor subunits elimidue to compensatory overexpression of GluR6 mRNA in GluR5
Ϫ/Ϫ mice (data not shown). In contrast, domoate nates functional KARs in this population of neurons. We next determined the concentration range in which (500 nM) did not increase sIPSC frequency in neurons Alternatively, KARs containing either GluR5 or GluR6 However, in neurons from the double mutant GluR5 Ϫ/Ϫ ϫ subunits may segregate into distinct populations of reGluR6 Ϫ/Ϫ mice kainate did not increase sIPSC frequency ceptors, either within individual neurons or in distinct at concentrations up to 3 M. In these mice, the inpopulations of interneurons. One way of distinguishing creased sIPSC frequency at Ͼ3 M kainate was likely between these possibilities is to compare the mean mediated by activation of AMPARs located on inwhole-cell currents evoked by KAR agonists in interneuron cell bodies, since this effect was blocked by terneurons from wild-type and KAR knockout mice. If GYKI 53655 (data not shown). In summary, these results individual interneurons express KARs containing either suggest that kainate concentrations of 300 nM-3 M GluR5 or GluR6, but not both subunits, fewer neurons selectively activates KARs in CA1 interneurons. Interestshould respond to agonists in slices from the two differingly, we observed that kainate was less efficient in ent knockout mice. activating KARs in neurons from GluR6 Ϫ/Ϫ mice than To test this possibility, we performed whole-cell refrom wild-type or GluR5 Ϫ/Ϫ mice (p Ͻ 0.02 at all concencordings from stratum radiatum interneurons in the CA1 trations tested in the range 300 nM-3 M). centration of NBQX (1 M) to block AMPA receptors, also elicited inward currents in GluR5 Ϫ/Ϫ mice ( Figure  3A ). All GluR5 Ϫ/Ϫ stratum radiatum interneurons tested Subunit Composition of KARs in Stratum had KAR currents (n ϭ 9 with GYKI 53655; n ϭ 12 with Radiatum Interneurons NBQX). Similarly, all GluR6 Ϫ/Ϫ stratum radiatum inOur results show that both GluR5 and GluR6 subunits contribute to interneuronal KARs that modulate sIPSC terneurons tested had KAR currents (n ϭ 5 with GYKI 53655; n ϭ 15 with NBQX). In interneurons from the GluR5 Ϫ/Ϫ ϫ GluR6 Ϫ/Ϫ mutant mice, currents activated by higher concentrations of kainate (10-30 M) were mediated purely by activation of AMPA receptors since they were fully blocked by GYKI 53655 (50 M) or NBQX (1 M) (n ϭ 4) ( Figure 3B) . Thus, functional KARs are absent in CA1 stratum radiatum interneurons from GluR5 Ϫ/Ϫ ϫ GluR6 Ϫ/Ϫ mice. The observation that all tested interneurons from GluR5 and GluR6 knockout mice have KAR whole-cell currents suggests that KARs composed of these two subunits are not segregated to distinct populations of neurons in the stratum radiatum.
It is possible that GluR5-containing KARs and GluR6-containing KARs form two separate populations of KARs that are expressed in all stratum radiatum interneurons. If this was the case, the mean amplitude of inward currents activated by kainate and domoate in interneurons should be smaller in GluR5 Ϫ/Ϫ and in GluR6 Ϫ/Ϫ mice than in wild-type mice. We compared the mean KAR current amplitudes evoked by kainate and domoate in interneurons from wild-type and KAR knockout mice. The mean amplitude of inward currents activated by domoate (1 M) in the presence of NBQX (1 M) was 500 Ϯ 62 pA (n ϭ 5, range 340-660 pA) in wild-type mice, 351 Ϯ 90 pA (n ϭ 4, range 160-860 pA) in GluR5 Ϫ/Ϫ mice, and 393 Ϯ 59 pA (n ϭ 6, range 190-540 pA) in GluR6 Ϫ/Ϫ mice ( Figure 3C ). As shown in Figure 3D (Figinterneurons. Neither low nor high basal frequency GluR6 Ϫ/Ϫ interneurons increased their mIPSC frequency ures 5C and 5F). This result is consistent with a presynaptic action of KARs. In GluR5 Ϫ/Ϫ mice, kainate increased upon application of kainate ( Figure 6A ). We also considered the possibility that the lack of effect of kainate in mIPSC frequency in six out of nine neurons tested (Figure 6) . The average increase in mIPSC frequency was not GluR6 Ϫ/Ϫ mice might be attributed to the lower efficacy of this agonist at KARs in neurons from this type of different from that observed in wild-type mice (169% Ϯ work is needed to clarify the identity of neurons express-(bath application of the agonist in the slice) do not permit ing presynaptic KARs and to understand the role these us to directly compare the properties of native KARs in receptors play in the hippocampal synaptic network. interneurons and of recombinant GluR5/GluR6 recepThe existence of native heteromeric GluR5/GluR6 retors, our results imply that, by genetically removing ceptors evidently adds to the complexity of KAR localGluR5 or GluR6, the pharmacological or biophysical ization and function. To better understand this role, it properties of the remaining KARs are changed. These will certainly be necessary to combine the development changes could include an increase in the steady state of new selective agonists and antagonists of the differto peak ratio when GluR5 and GluR6 are coassembled, ent KAR combinations with the electrophysiological an effect that could translate into a larger inward current analysis of selected KAR mutant mice. under our experimental conditions. It is interesting to point out that, despite the low abundance of GluR6 mRNA in interneurons, we have found that the GluR6 
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